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(57) ABSTRACT

A power converter system includes first and second input
terminals; a converter connected to the first and second input
terminals and including an output terminal; a start-up circuit
connected to a first capacitor and configured to charge the
first capacitor during start-up and hiccup conditions; a
voltage source connected to the first and second input
terminals and configured to provide, during the start-up and
hiccup conditions, a voltage proportional to a voltage
applied to the first and second input terminals; and a voltage
buffer including a MOSFET with a gate connected to the
voltage source, a source connected to the start-up circuit,
and a drain connected to one of the first and second input
terminals.
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1
START-UP REGULATOR FOR
HIGH-INPUT-VOLTAGE POWER
CONVERTERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to power converters. More
specifically, the present invention relates to start-up circuits
that provide a start-up voltage to a control system of a power
converter during a power-up process when an output voltage
rises from zero to a nominal level.

2. Description of the Related Art

Conventional IC controllers used in switching power
converters have embedded, internal start-up circuits that
provide power to the control system of the power converter
during startup. An example IC controller is the LM50XX
series from Texas Instruments, Inc. (TT). A simplified block
diagram of a start-up circuit 100 for a converter 105, which
includes an IC controller 101, is shown in FIG. 1. The
start-up circuit 100 includes the IC controller 101, and the IC
controller 101 includes an internal start-up circuit (not
explicitly shown in FIG. 1) that includes the input pin Vin
that is typically connected to the terminal Vin+. The IC
controller 101 includes an under-voltage-lockout (UVLO)
feature. If the input voltage Vinput is below the UVLO
voltage, the IC controller is turned off, and if the input
voltage Vinput is above the UVLO voltage, the IC controller
is turned on. The UVLO voltage is right below the minimum
operating voltage of the IC controller 101 at which the IC
controller provides an output. When the input voltage Vinput
across the terminals Vin+, Vin- of the start-up circuit 100 in
FIG. 1 is greater than the minimum operating voltage of the
1C controller 101 at the input pin Vin, the output voltage Vec
of the IC controller 101 is enabled to charge an external
capacitor 102 connected to the power-supply pin Vce. The
external capacitor 102 is an energy-storage capacitor that
provides the initial start-up energy for the power converter
105. A controller output 103 that controls the power tran-
sistors of the converter 105 is enabled when the voltage at
the power-supply pin Vcce reaches the regulation point (i.e.,
when the voltage reaches a voltage at which the converter
105 can provide regulation), which is typically 10 V. In a
typical application, an auxiliary output 107 of the converter
105 is connected to the power-supply pin Vce through a
diode 104, which is reverse biased with the power-supply
pin Vee during startup.

When the output voltage of the converter 105 of the load
terminal 106 reaches its nominal level, the auxiliary output
107 also reaches its nominal level, typically 12V, causing the
diode 104 to become forward biased, which shuts off the
internal start-up circuit of the IC controller 101. Accord-
ingly, the internal start-up circuit of the IC controller 101
only operates during relatively short times such as during
startup and hiccup conditions. Hiccup conditions can be
caused by, for example, over-load, over-voltage, and over-
temperature conditions. Therefore, steady-state power dis-
sipation in the internal start-up circuit of the IC controller is
eliminated. Powering the IC controller 101 from the auxil-
iary output 107 of the converter 105 through the diode 104
eliminates the internal start-up circuit losses during steady
state conditions, reducing overall controller power con-
sumption and improving overall efficiency.

Power consumption P of the start-up circuit 100 during
the hiccup condition ON time Ton and with period T, which
is the total time between hiccup conditions, can be calcu-
lated according to the formula:

P=Vin*Ireg*Ton/7, (€8]
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where Vin is the input voltage across the terminals Vin+,
Vin- and Ireg is the start-up regulator current. Even though
power consumption P according to formula (1) increases
with the input voltage Vinput, it is relatively low because of
the low hiccup-condition duty cycle D=Ton/T, which is
typically 5%. For example, in the worst-case, power con-
sumption P for the start-up circuit 100 with Ireg=20
mA=0.02 A, at high input voltage Vinput=75 V under hiccup
condition with hiccup-condition duty cycle D=Ton/T=0.05
(i.e., 5% hiccup-condition duty cycle) according to formula
(1) is: P=75 V*0.02 A*0.05=0.075 W=75 mW.

The above-described internal start-up circuit of the IC
controller 101 is efficient in a specified input voltage range,
for example, 14 V to 100 V. However, when the maximum
input voltage of the converter 105 is greater than the
maximum allowable input voltage of the IC controller 101
(typically 100 V at the input pin Vin), the internal start-up
circuit of the IC controller 101 cannot be connected to the
terminal Vin+. Accordingly, it is recommended (see, for
example, the datasheet for the LM5027 controller from TT)
to disable the internal start-up circuit of the IC controller 101
by disconnecting the input pin Vin from the terminal Vin+
and providing, as illustrated in FIG. 2, an external high-
voltage start-up circuit 208 to provide the power-supply
voltage Vcc.

The other parts and basic operation of the circuit 200 in
FIG. 2 are the same or substantially the same as in the circuit
100 in FIG. 1. The IC controller 201 is enabled to charge an
external capacitor 202 connected to the power-supply pin
Vee. The converter 205 includes auxiliary output 207 and
load terminal 206. The converter 205 is controlled by the
controller output 203. The auxiliary output 207 of the
converter 205 is connected diode 204.

Because the internal start-up circuit of the IC controller
201 is disabled in high-input-voltage applications according
to FIG. 2, an IC controller 201 without an internal start-up
circuit can also be used provided that the power-supply
voltage Vcc is supplied by an external high-voltage start-up
circuit 208.

An example of an efficient start-up circuit with no losses
at steady state that can be used as an external start-up circuit
208 in FIG. 2 is disclosed in U.S. Pat. No. 8,427,849. The
external start-up circuit of U.S. Pat. No. 8,427,849 is shown
in FIG. 3 as start-up circuit 300 The external start-up circuit
300 is connected to the power converter 307 and IC con-
troller 308. The power converter 307 includes an auxiliary
output terminal 309. The external start-up circuit 300
includes a start-up transistor 301, a first diode 302, a resistor
303, a Zener diode 304, a capacitor 305, a second diode 306,
and a switch Q with a control circuit 310 that receives a
control signal from the auxiliary output terminal 309 of the
power converter 307.

The external start-up circuit 300 in FIG. 3 operates in the
following manner. After the input voltage Vinput is applied
across the terminals Vin+, Vin—, the Zener diode 304 is
activated through the resistor 303 and the switch Q that is
initially ON. The transistor 301 is a bipolar junction tran-
sistor (BJT) that supplies a start-up voltage to the power-
supply pin Vce of the IC controller 308 and across the
capacitor 305 equal to the zener voltage Vz of the Zener
diode 304 minus the combined voltage drop of the base-to-
emitter voltage drop of the transistor 301 and the voltage
drop across the first diode 302. The start-up voltage, applied
to the power-supply pin Vce of the IC controller 308, reverse
biases the second diode 306 and enables the controller
output 311, which initiates startup of the power converter
307. During start-up, the power converter 307 increases the



US 9,484,801 B2

3

output voltage on the LOAD and the auxiliary voltage on the
auxiliary output 309 to their nominal levels. The start-up
current for the control circuit 308 is supplied by the tran-
sistor 301. The transistor 301 is controlled independent of
the input voltage Vinput by the fixed zener voltage Vz of the
Zener diode 304, resulting in a fixed start-up time over the
entire input voltage range.

When the auxiliary voltage at the auxiliary output termi-
nal 309 reaches a predetermined voltage, the control circuit
310 switches switch Q OFF, causing the transistor 301 to
also switch OFF. Once the transistor 301 switches OFF, the
first diode 302 becomes reverse biased, the second diode 306
becomes forward biased, and the auxiliary power from the
auxiliary output 309 supplies power to the power-supply pin
Vee of the controller 308. Accordingly, the supply voltage
supplied to the power-supply pin Vcc of the controller 308
at start-up is determined by the zener voltage of the zener
voltage Vz (typically 10 V) and at steady state is provided
by the auxiliary voltage from the auxiliary output 309
(typically 12 V). The maximum-allowable high input volt-
age across the terminals Vin+, Vin- is limited by the
transistor 301 and by the switch Q in contrast to the start-up
circuit 100 in FIG. 1 that is limited by the internal start-up
circuit of the controller 101. Power consumption in the
start-up circuit 300 in FIG. 3 at steady state is eliminated
because the resistor 303 is not conducting and transistor 301
is in the OFF state.

Power consumption P of the start-up circuit 300 in FIG.
3 under hiccup conditions can be calculated as

P=Vin*Ireg*Ton/T+Vin*[(Vin-Vz)/R]*Ton/T, 2)

where T and Ton, as in formula (1), are the period and the
ON time of the hiccup condition, R is the resistance value of
the resistor 303, and Vz is the zener voltage of the Zener
diode 304. Equation (2) has the form P=A+B, where A is the
same as formula (1) and B is a function of the input voltage
Vinput. Assuming the same basic parameters as in the above
example: Vin=75 V, Ton/T=0.05, and Ireg=20 mA, Vz=12'V,
R=3 kQ, equation (2) provides:

P=75 V*0.02 A*0.05+75 V*[(75 V-12 V)/3000 Q]*
0.05=0.15 W=150 mW,

which is 2 times greater than the power consumption cal-
culated above for the start-up circuit 100 in FIG. 1. Draw-
backs of the external start-up circuit shown in FIGS. 2 and
3 are increased power consumption at high input voltages
under hiccup conditions and increased physical size, com-
plexity, and cost.

Thus, there is a need for a more efficient, less complex,
and less expensive start-up circuit for high-input-voltage
power converters that preferably uses the internal start up
circuit of an IC controller.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present invention provide a more effi-
cient, less complex, and less costly start-up circuit for power
converters with high input voltage.

According to a preferred embodiment of the present
invention, a power converter system includes first and
second input terminals; a converter connected to the first and
second input terminals and including an output terminal; a
start-up circuit connected to a first capacitor and configured
to charge the first capacitor during start-up and hiccup
conditions; a voltage source connected to the first and
second input terminals and configured to provide, during the
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start-up and hiccup conditions, a voltage proportional to a
voltage applied to the first and second input terminals; and
a voltage buffer including a MOSFET with a gate connected
to the voltage source, a source connected to the start-up
circuit, and a drain connected to one of the first and second
input terminals.

The voltage source preferably includes a high-impedance
resistive divider. Preferably, the high-impedance resistive
divider includes first and second resistors connected in
series, where the first resistor is connected to the first input
terminal and where the second resistor is connected to the
second input terminal. Preferably, the high-impedance resis-
tive divider further includes second and third capacitors,
where the second capacitor is connected in parallel with the
first resistor and where the third capacitor is connected in
parallel with the second resistor.

Preferably, the converter includes a half-bridge circuit
including at least two capacitors connected in series, and the
voltage source includes the at least two capacitors. The
power converter system further preferably includes a capaci-
tor connected to the output of the voltage buffer.

The converter preferably includes an auxiliary output.
The auxiliary output is preferably configured to charge the
first capacitor during steady-state conditions.

The power converter system further preferably includes
an IC controller configured to provide control signals to the
converter after the first capacitor is charged to a predeter-
mined voltage level. The IC controller preferably includes
the start-up circuit. The IC controller preferably includes an
input pin that is connected to the start-up circuit and a
power-supply pin that is connected to the first capacitor. The
start-up circuit preferably charges the first capacitor through
the power-supply pin.

The voltage source preferably does not include a Zener
diode or a reference voltage.

The above and other features, elements, characteristics,
methods, steps and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of preferred embodiments of the present invention with
reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional start-up circuit including a
relatively low voltage start-up regulator embedded in the IC
controller.

FIG. 2 shows a block diagram of a conventional start-up
circuit including a high voltage start-up regulator external to
the IC controller.

FIG. 3 shows a variant of a conventional start-up circuit
including a high voltage start-up regulator external to the IC
controller.

FIG. 4 shows a start-up circuit according to a first
preferred embodiment of the present invention.

FIG. 5 shows a start-up circuit according to a second
preferred embodiment of the present invention.

FIG. 6 shows a start-up circuit according to a third
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 4 shows a start-up circuit 400 according to the first
preferred embodiment of the present invention that includes
an IC controller 401 with an internal relatively low-voltage
start-up circuit with an input pin Vin and a power-supply pin
Ve, a capacitor 402 connected to the power-supply pin Ve,
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and a buffer 409 connected to the terminal Vin+, having its
output connected to the input pin Vin of the IC controller 401
and controlled by a voltage source 408. The start-up circuit
400 is connected to the power converter 405 that includes a
load output 406 and an auxiliary output 407.

The start-up circuit 400 in FIG. 4 operates in the follow-
ing manner. After the input voltage Vinput is applied across
terminals Vin+, Vin—, the voltage source 408 generates a
voltage within the input voltage range specified for the input
pin Vin of the IC controller 401. The voltage source 408
preferably generates a voltage that is proportional to the
input voltage Vinput. The voltage source 408 preferably
does not include a stable voltage source by including, for
example, a Zener diode or a reference voltage. The voltage
source 408 does not need to provide a stable voltage if the
input pin Vin of the IC controller 401 can accept a wide
range of voltages. It is preferable to provide the generated
voltage at the input pin Vin, which can accept a wide range
of voltages (e.g., up to about 100 V), instead of the power-
supply pin Vee, which can accept a narrow range of voltages
(e.g., about 9-15 V). The generated voltage is supplied to the
high-impedance input of the buffer 409. The output of the
buffer 409 follows its input and is capable of supplying the
necessary current (typically about 20 mA) to the input pin
Vin of the IC controller 401. The controller output 403 is
enabled when the capacitor 402 connected to the power-
supply pin Vcc is charged to the regulation point, typically
about 10V, for example. The auxiliary output 407 of the
converter 405 is typically connected to the power-supply pin
Vee of the controller 401 through a diode 404 that is reverse
biased during start-up by the output voltage of the internal
start-up circuit at the power-supply pin Vce.

When the output voltage of the converter 405 at the load
terminal 406 reaches its nominal voltage, the auxiliary
output 407 also reaches its nominal voltage, typically about
12V, for example, causing the diode 404 to become forward
biased, which shuts off the internal start-up circuit of the
controller 401. Accordingly, the internal start-up circuit and
the buffer 409 only conduct current during relatively short
times such as start-up and hiccup conditions. Hiccup con-
ditions can be caused by, for example, over-load, over-
voltage, and over-temperature conditions. At steady state,
the internal start-up circuit of the controller 401 and the
buffer 409 do not conduct and therefore do not consume
power. The voltage source 408 dissipates negligible power
under all conditions because of the high input impedance of
the buffer 409. Similar to the start-up circuits 100, 200, 300
in FIG. 1, FIG. 2, and FIG. 3, powering the controller 401
from an auxiliary output 407 of the converter 405 through
the diode 404 eliminates losses from the internal start-up
circuit at steady state, reducing overall controller power
dissipation and improving efficiency. Under hiccup condi-
tions, power consumption of the start-up circuit 400 in FIG.
4 follows equation (1) for the start-up circuit 100 in FIG. 1
which has a lower power loss than equation (2) for the
start-up circuit 200 in FIG. 2.

By replacing the external start-up circuits in FIG. 2 and
FIG. 3 with a less complex, less dissipative, and less
expensive circuit, the start-up circuit 400 in FIG. 4 does not
create power losses at steady state, minimizes power losses
under hiccup conditions, allows a larger input voltage range
for the internal start-up circuit of the IC controller 401, and
allows the IC controller’s 401 features to be fully used.
Thus, the start-up circuit 400 in FIG. 4 is suitable for power
converters with high input voltages.

The voltage source 408 and the buffer 409 are preferably
less complex, less dissipative, and less expensive compared
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to the external start-up circuit 208 in FIG. 2 or the external
start-up circuit 300 in FIG. 3. In half-bridge topologies as
shown, for example, in FIG. 6, the voltage source 408
already exists at the junction of the half bridge capacitors so
that no additional components are needed. In other topolo-
gies, the voltage source 408 can include a voltage divider
with only two resistors as shown in FIG. 5, which includes
resistors R1, R2. The buffer 409 can include only a single
MOSFET as with the buffer 509 shown in FIG. 5 and the
buffer 609 shown in FIG. 6. In addition, a control circuit
similar to the control circuit 310 in FIG. 3 is not needed.

FIG. 5 shows a start-up circuit 500 according to the
second preferred embodiment of the present invention. The
start-up circuit 500 in FIG. 5 is a variant of the start-up
circuit 400 in FIG. 4. The buffer 509 includes an N-channel
MOSFET, configured as a source follower, which is also
known as a common-drain amplifier. A MOSFET is pre-
ferred to a BJT as used in the prior art because MOSFETs
are voltage-controlled devices while BJTs are current-con-
trolled devices. Voltage-controlled devices can require less
current than current-controlled devices. The MOSFET in the
buffer 509 has a drain connected to the terminal Vin+, has a
source connected to the input pin Vin of the controller 501,
and a gate controlled by a very-low-power voltage source
508. As shown in FIG. 5, the very-low-power voltage source
508 preferably includes a high-impedance resistive divider
with resistors R1, R2.

The start-up circuit 500 in FIG. 5 operates similarly to the
start-up circuit 400 in FIG. 4 in the following manner. After
the input voltage Vinput is applied across the terminals Vin+,
Vin-, the voltage source 508 generates a voltage Vs, where
Vs=Vin*R2/(R1+R2), within the input voltage range speci-
fied for the input pin Vin of the IC controller 501 (typically
below about 100V, for example). The voltage Vs is provided
to the gate of the MOSFET in the buffer 509. The voltage at
the source of the MOSFET in the buffer 509 and at the input
pin Vin of the IC controller 501 is equal to Vs minus the
gate-to-source voltage of the MOSFET (typically, about 2-3
V, for example). During start-up, the current supplied by the
input pin Vin, which is internally limited by the controller
501 to typically about 20 mA, for example, charges the
capacitor 502 to the regulation point (typically about 10V,
for example), allowing the IC controller 501 to enable its
output 503. In a typical application, an auxiliary output 507
of the converter 505 is connected to the power-supply pin
Vee of the controller 501 through a diode 504 which is
reverse biased with the output voltage of the internal start-up
circuit at the power-supply pin Vce during start-up.

When the output voltage of the converter 505 at its load
terminal 506 reaches its nominal voltage, the auxiliary
output 507 also reaches its nominal voltage, typically about
12V, for example, causing the diode 504 to become forward
biased, which shuts off the internal start-up circuit of the IC
controller 501. Accordingly, the internal start-up circuit and
the buffer 509 only conduct current during relatively short
times such as start-up and hiccup conditions. At steady state,
the internal start-up circuit of the IC controller 501 and the
buffer 509 do not conduct and therefore do not dissipate
power. Because the MOSFET in the buffer 509 operates with
practically no gate current, the resistances of the resistors R1
and R2 can be set high enough to ensure negligible current
in the voltage source 508 with near-zero power dissipation.
Similar to the start-up circuits 100, 200, 300, 400 in FIG. 1,
FIG. 2, FIG. 3 and FIG. 4, powering the IC controller 501
from an auxiliary output 507 of the converter 505 through
the diode 504 eliminates losses from the internal start-up
circuit at steady state, reducing overall controller power
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dissipation and improving overall efficiency. Under hiccup
conditions, power dissipation in the start-up circuit 500 in
FIG. 5, like in the start-up circuit 400 in FIG. 4, follows
equation (1) for the start-up circuit 100 in FIG. 1, which has
a lower power loss than equation (2) for the conventional
start-up circuits 200, 300 in FIGS. 2 and 3.

The voltage Vs across resistor R2 at high input voltage,
e.g., at about 150 V across the terminals Vin+, Vin-, can be
set at or below the maximum specified voltage for the input
pin Vin of the IC controller 501 (typically about 100 V, for
example).

Assuming that the IC controller 501 is specified to operate
in an N:1 input voltage range (typically about 100 V to about
14 V at the input pin Vin with N=100/14=~7, for example),
the start-up circuit 500 in FIG. 5 can operate in the same N:1
range with proportionally increased maximum (i.e., highest)
and minimum (i.e., lowest) input voltages. For example, if
N=7 with the 100 V maximum specified voltage at the input
pin Vin of the IC controller 501 and with high input voltage
across the terminals Vin+, Vin—- of 150V, then the maximum
operating input voltage range of the start-up circuit 500 in
FIG. 5 will be about 150 V (i.e., at the highest input voltage)
to about 150/7=21 V (i.e., at the lowest input voltage). To
increase noise immunity and to improve start-up transients
at the input pin Vin, a capacitor C3 can be disposed between
the input pin Vin of the IC controller 501 and the terminal
Vin- and capacitors C1, C2 can be disposed across the
resistors R1, R2, respectively, as shown with dotted lines in
FIG. 5, without changing basic operation of the start-up
circuit 500.

Similar to the start-up circuit 400 in FIG. 4, by replacing
the external start-up circuits in FIGS. 2 and 3 with a less
complex, less dissipative, and less expensive circuit, the
start-up circuit 500 in FIG. 5 does not create power losses at
steady state, minimizes power losses under hiccup condi-
tions, allows a larger input voltage range for the internal
start-up circuit of the IC controller 501, and allows all of the
features and characteristics of the IC controller 501 to be
fully utilized. Thus, the start-up circuit 500 in FIG. 5 is
suitable for power converters with high input voltage.

The voltage source 508 and the buffer 509 are preferably
less complex, less dissipative, and less expensive compared
to the external start-up circuit 208 in FIG. 2 or the external
start-up circuit 300 in FIG. 3. The voltage source 508 can
include a voltage divider with only two resistors as shown in
FIG. 5 with resistors R1, R2, for example. The buffer 509
can include a single MOSFET, for example. In addition, a
control circuit similar to control circuit 310 in FIG. 3 is not
needed.

FIG. 6 shows a start-up circuit 600 according to the third
preferred embodiment of the present invention. The start-up
circuit 600 in FIG. 6 is another variant of the start-up circuit
400 in FIG. 4, where the buffer 409, similar to the buffer 509
in the start-up circuit 500 in FIG. 5, preferably includes an
N-channel MOSFET configured as a source follower. The
MOSFET in the buffer 609 has a drain connected to the
terminal Vin+, has a source connected to the input pin Vin
of the IC controller 601, and a gate controlled by a very-
low-power voltage source 608. As shown in FIG. 6, the
very-low-power voltage source 608 preferably includes a
capacitive divider including capacitors C1, C2 of a half-
bridge isolated converter 605. The converter 605 includes
primary switches Q1, Q2, secondary rectifiers D1, D2, an
isolated transformer T, an output inductor L, an output
capacitor C, and output terminals Vo+, Vo-.

The start-up circuit 600 in FIG. 6 operates similarly to the
start-up circuits 400, 500 in FIGS. 4 and 5 in the following
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manner. After the input voltage is applied across the termi-
nals Vin+, Vin—, the voltage source 608 generates a voltage
Vs, where Vs=Vin/2, within the input voltage range speci-
fied for the input pin Vin of the IC controller 601 (typically
below about 100 V, for example). That voltage Vs is applied
to the gate of the MOSFET in the buffer 609. The voltage at
the source of the MOSFET in the buffer 609 and at the input
pin Vin of the IC controller 601 is equal to Vs minus the
gate-to-source voltage of the MOSFET (typically about 2-3
V, for example). During start-up, the current supplied by the
input pin Vin, which is internally limited by the IC controller
601 to typically about 20 mA, charges the capacitor 602 to
the regulation point (typically about 10V, for example)
allowing the IC controller 601 to enable its outputs 603, 604.
In a typical application, an auxiliary output 607 of the
converter 605 is connected to the power-supply pin Vcce of
the IC controller 601 through a diode 606 which is reverse
biased during the start-up by the output voltage of the
internal start-up circuit at the power-supply pin Vcc.

When the output voltage of the converter 601 across its
load terminals Vo+, Vo- reaches its nominal voltage, the
auxiliary output 607 also reaches its nominal voltage, typi-
cally about 12V, causing the diode 606 to become forward
biased, which shuts off the internal start-up circuit of the IC
controller 601. Accordingly, the internal start-up circuit and
the buffer 609 only conduct current during relatively short
time such as start-up and hiccup conditions. At steady state,
the internal start-up circuit of the controller 601 and the
buffer 609 do not conduct current and therefore do not
dissipate power. The voltage source 608 dissipates negli-
gible power under all conditions because voltage Vs is
provided by the capacitive divider including capacitors C1,
C2. Similarly to the start-up circuits 100, 200, 300, 400, 500
in FIG. 1, FIG. 2, FIG. 3, FIG. 4 and FIG. 5, powering the
IC controller 601 from an auxiliary output 607 of the
converter 605 through the diode 606 eliminates start-up
regulator losses at steady state, reducing overall controller
power dissipation and improving overall efficiency. Under
hiccup conditions, power dissipation in the start-up circuit
600 in FIG. 6, like in the start-up circuits 400, 500 in FIGS.
4 and 5, follows equation (1) for the start-up circuit 100 in
FIG. 1 which has a lower power loss than equation (2) for
the conventional start-up circuits 200, 300 in FIGS. 2 and 3.

The voltage Vs across capacitor C2 is equal to half of the
input voltage Vinput across the terminals Vin+, Vin-. If, for
example, the maximum operating voltage at the input pin
Vin of the IC controller 601 is 100 V, the highest input
voltage across the terminals Vin+, Vin— can reach 200 V.

Assuming that the controller 601 is specified to operate in
an N:1 input voltage range (typically about 100 V to about
14 V at the input pin Vin with N=100/14=~7, for example),
the start-up circuit 600 in FIG. 6 can operate in the same N:1
range with doubled the maximum (i.e., highest) and mini-
mum (i.e., lowest) input voltages. For example, if N=7 with
the maximum specified voltage at the input pin Vin of the
controller of about 100 V, then the maximum operating input
voltage range of the start-up circuit 600 in FIG. 6 will be
about 200 V (i.e., at the highest input voltage) to about
200/7=28 V (i.e., at the lowest input voltage). Adding one
component, buffer 609, doubles the highest input voltage
compared to the highest input voltage for the start-up circuit
100 in FIG. 1.

If the highest input voltage across the terminals Vin+,
Vin- needs to be more than double the maximum specified
voltage at the input pin Vin of the controller 601, then a
high-impedance-resistive divider including resistors R3, R4
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can be placed across the capacitor C2 to provide a lower
voltage Vs as shown in FIG. 6 with dotted lines.

If the highest input voltage across the terminals Vin+,
Vin- does not need to be more than double the maximum
specified voltage at the input pin Vin of the controller 601,
then a high-impedance-resistive divider including resistors
R1, R2 or a resistive-capacitive divider can be disposed
across the high-side capacitor C1 as shown in FIG. 6 with
dotted lines.

To increase noise immunity and improve start-up tran-
sients at the input pin Vin, a capacitor C3 can be added
between the input pin Vin of the controller 601 and the
terminal Vin- without changing basic operation of the
start-up circuit 600 in FIG. 6.

Similar to the start-up circuits 400, 500 in FIGS. 4 and 5,
by replacing the external start-up circuits in FIGS. 2 and 3
with a less complex, less dissipative and less expensive
circuit, the start-up circuit 600 in FIG. 6 does not create
power losses at steady state, minimizes power losses under
hiccup conditions, allows larger input voltage range for the
internal start-up circuit of the IC controller 601, and allows
all of the features and characteristics of the IC controller to
be fully used. Thus, the start-up circuit 600 in FIG. 6 is
suitable for power converters with high input voltage.

The voltage source 608 and buffer 609 are preferably less
complex, less dissipative, and less expensive compared to
the external start-up circuit 208 in FIG. 2 or the external
start-up circuit 300 in FIG. 3. In half-bridge topologies as
shown in FIG. 6, the voltage source 608 already exists at the
junction of the half bridge capacitors C1, C2 so that no
additional components are needed. The buffer 609 can
include only a single MOSFET as with the buffer 609 shown
in FIG. 6. In addition, a control circuit similar to control
circuit 310 in FIG. 3 is not needed.

It should be understood that the foregoing description is
only illustrative of the present invention. Various alterna-
tives and modifications can be devised by those skilled in the
art without departing from the present invention. Accord-
ingly, the present invention is intended to embrace all such
alternatives, modifications, and variances that fall within the
scope of the appended claims.

What is claimed is:

1. A power converter system comprising:

first and second input terminals;

a converter connected to the first and second input ter-
minals and including an output terminal;

a start-up circuit connected to a first capacitor and con-
figured to charge the first capacitor during start-up and
hiccup conditions;

a voltage source connected to the first and second input
terminals and configured to provide, during the start-up
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and hiccup conditions, a voltage proportional to a
voltage applied to the first and second input terminals;
and

a voltage buffer including a MOSFET, the MOSFET

including:

a gate connected to the voltage source;

a source connected to the start-up circuit; and

a drain connected to one of the first and second input
terminals.

2. A power converter system of claim 1, wherein the
voltage source includes a high-impedance resistive divider.

3. A power converter system of claim 2, wherein:

the high-impedance resistive divider includes first and

second resistors connected in series;

the first resistor is connected to the first input terminal;

and

the second resistor is connected to the second input

terminal.

4. A power converter system of claim 3, wherein:

the high-impedance resistive divider further includes sec-

ond and third capacitors;

the second capacitor is connected in parallel with the first

resistor; and

the third capacitor is connected in parallel with the second

resistor.

5. A power converter system of claim 1, wherein:

the converter includes a half-bridge circuit including at

least two capacitors connected in series; and

the voltage source includes the at least two capacitors.

6. A power converter system of claim 1, further compris-
ing a capacitor connected to the output of the voltage buffer.

7. A power converter system of claim 1, wherein the
converter includes an auxiliary output.

8. A power converter system of claim 7, wherein the
auxiliary output is configured to charge the first capacitor
during steady-state conditions.

9. A power converter system of claim 1, further compris-
ing an IC controller configured to provide control signals to
the converter after the first capacitor is charged to a prede-
termined voltage level.

10. A power converter system of claim 9, wherein the IC
controller includes the start-up circuit.

11. A power converter system of claim 10, wherein the IC
controller includes an input pin that is connected to the
start-up circuit and a power-supply pin that is connected to
the first capacitor.

12. A power converter system of claim 11, wherein the
start-up circuit charges the first capacitor through the power-
supply pin.

13. A power converter system of claim 1, wherein the
voltage source does not include a Zener diode or a reference
voltage.



